This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

. TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
. GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



IN RE APPLICATION OF: Duncan W. McBRANCH, et al. ART UNIT: 1634 

SERIAL NO.: 09/934,680 EXAMINER: Frank Wei Min LU 

FILING DATE: August 23, 2001 

FOR: PEPTIDE NUCLEIC ACID BASED MOLECULAR SENSORS FOR 

NUCLEIC ACIDS 

DECLARATION UNDER RULE 1.132 

I, David Whitten, do hereby declare and state that: 

1. Iam one of the inventors of the subject matter of United States Patent Application 
Serial No. 09/934,680, filed on August 23, 2001. I am familiar with the contents of the 
application and its prosecution before the United States Patent and Trademark Office (USPTO). 

2. I have read and reviewed the Official Action issued by the USPTO in the instant 
application on April 7, 2004. 

3. I have also read and reviewed the references cited in the Official Action, including 
U.S. Patent No. 5,849,489 to Heller etal. (hereinafter referred to as "HsUsf) and Chenetaj, 
PNAS, 96, 12287-12292, October 1999 (hereinafter referred to as "Chen"). 

4. I understand that Claims 1, 4-8, 12 and 13 have been rejected under 35 U.S.C. § 102(b) 
as being anticipated by U.S. Patent No. 5,849,489 (hereinafter referred to as "HeJlsE"). I also 
understand that Claim 1 1 has been rejected under 35 U.S.C. §102(b) as being anticipated by 
Heller as evidenced by U.S. Patent No. 4,959,305 to Woodrum (hereinafter referred to as 
"WoodrunT ) and that Claims 2 and 3 have been rejected under 35 U.S.C. §103(a) as being 
unpatentable over Heller in view of U.S. Patent No. 6,355,421 Bl to Coull et al. (hereinafter 
referred to as "Couin . I further understand that Claim 9 has been rejected under 35 U.S.C. 

§ 103(a) as being unpatentable over Heller and that Claim 10 has been rejected under 35 U.S.C. 
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§103(a) as being unpatentable over Heller in view of Chen et aL, PNAS> 96, 12287-12292, 
October 1999 (hereinafter referred to as "Chen" ). 

5. I understand that the Official Action is relying upon the disclosure in Heller of a 
multiple donor/acceptor polynucleotide as illustrated in FIG. 2 A of HfiUst 

6. I also understand that the Official Action is relying upon the disclosure in Chen of 
fluorescent MPS-PPV polymers. 

7. Heller discloses that the donors should be spaced along the polynucleotide chain to 



achieve optimum spacing for donor-donor energy transfer (column 13, lines 45-59 of Heller). 
Thus, Heller discloses donor-donor spacings of about 4 or 5 nucleotide units (i.e. , 1 0 donors in a 
single oligonucleotide sequence of 50 nucleotides) (column 13, lines 57-59 of HsllSE). According 
to Heller, too close a spacing of donor-donor pairs can introduce secondary quenching 
mechanisms or excitation traps which can greatly reduce energy transfer efficiency (column 13, 
lines 50-53 of HeUsO. 

8. The MPS-PPV polymers in Chen comprise chromophores with much closer spacings 
than the 4 or 5 oligonucleotide spacings disclosed in Heller . 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 
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Molecular aggregates formed by polymethine dyes in 
solutions, at surfaces, and in crystals can be used to 
modulate the intensity and wavelength of light absorp- 
tion. 1 The applications for such dye aggregates are 
manifold: photography, xerography, photovoltaic, mo- 
lecular photonic, and microelectronic devices. 2 The in- 
ternal structure of such aggregates is widely perceived as 
arrays of tightly packed molecules with their molecular 
planes stacked against each other. Several packing 
models have been proposed based on the epitaxy match 
between dye crystalline layers and the lattice of a mica 
substrate: staircase, brickwork, and ladder structure. 3 A 
special case of the staircase packing in single crystals of 
polymethine dye l,7-bis(dimethylamino)heptamethine 
perchlorate or BDH+CICU" is illustrated in Figure 1 . The 
aggregate structure has been quantitatively linked to its 
spectroscopic properties. 4 The strong coupling of molec- 
ular transition dipoles generates excitonic states 4 whose 
absorption energy is significantly shifted to shorter (H- 
aggregates) or to longer (J -aggregates) wavelength with 
respect to the nonaggregated state. When there are two 
molecular orientations in the unit cell, the molecular 
transition dipoles, Mi and M2, couple with each other as 
vectors, which results in two excitonic transitions: the 
Davy do v sum, m+, and difference m~. These two com- 
ponents are perpendicular to each other. 5 In BDH+CICU" 
crystals, the m+ component parallels [201 J and absorbs 
light at 639 nm, and the m~ component parallels [010] 
and exhibits an absorption maximum at 592 nm. 6 Both 
transitions are red-shifted from the monomer absorption 
at 510 nm. In addition to the exciton propagation, the 
absorption behavior of three-dimensional dye arrays is 
also altered by polaritons. 7 The polaritons are generated 
by the coupling of the light wave with the polarization of 
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Figure 1. Model of molecular packing in J-aggregates: the 
distorted herringbone structure of one dimensional staircases 
in single crystals of BDH + C104~. Absorption and reflection 
spectra of J-aggregates depend on the following parameters: 
the intermolecular distance d t the stacking angle a, the angle 
r between the two molecule directions, the Davydov sum and 
difference m+ and m~, due to coupling of molecular transition 
dipole moments Mi and M2, and the angle/? (not shown in the 
figure) between the molecular axis and the face normal of the 
crystal. 

the medium and lead to a splitting in the longitudinal and 
transverse exciton energy. The absorption wavelength of 
the dye crystal varies within the two energy boundaries 
according to the angle, fi, between the transition dipole 
moment and the crystal face normal. It is conceivable 
that the color of a transparent thin film of three- 
dimensionally oriented J-aggregates can be tuned pre- 
cisely if one finds a way to rotate the molecular axis in 
such thin films. 

A method called the thin layer aggregation (TLA) was 
recently developed to prepare dye films with various color 
patterns. 8 The TLA method exploits the aggregation of 
polymethine dyes in strongly undercooled amorphous 
layers. While the macroscopic properties of the dye layers 
have been investigated by the UV/vis spectroscopy and 
thermal analysis, almost nothing is known about the dye 
thin film surface coverage, roughness, morphology, and 
molecular packing at the nanoscale. Atomic force mi- 
croscopy (AFM) 9 has been widely used to study the lattice 
structure of ordered self-assembled and Langmuir— 
Blodgett thin films as well as the microstructure of 
amorphous films and has recently been used to study 
J-aggregate structure. 10 The goals of this ongoing research 
are to directly link the color to structure of the aggregate 
film and to control the film quality and color by inter- 
molecular forces. Structural characterization is carried 
out by polarized optical spectroscopy and microscopy, X-ray 
diffraction, and thermal analysis, in addition to AFM. 

BDH + C104 _ was obtained by exchanging CI" with CIO4" 
in BDH + C1". BDH + C1~ was synthesized according to the 
literature. 1 1 Single crystals with green golden color were 
grown by repeated crystallization from acetone. HPLC 
grade acetone with purity of > 99.7% was purchased from 
Fisher Scientific and used as received. A 20 fih saturated 
acetone solution of dissolved BDH + C104~ single crystals 
was spin-coated on quartz substrates. Later, the film was 
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redissolved in acetone, and from the absorbance of the 
solution we estimated the film thickness to be ap- 
proximately 80 nm. The initial film consisted of randomly 
distributed dye molecules, as indicated by the total light 
quenching when placed between crossed polarizers. After 
an induction period, in the range of a few minutes to hours 
depending on temperature and humidity, circular spots 
due to sporadic nucleation emerged and expanded. 
Eventually the growing spheres impinged on their neigh- 
bors to form mostly straight grain boundaries, similar to 
the spherulitic morphology commonly associated with 
polymeric crystalline films. 12 Under ideal conditions, the 
spherulites grow to more than 1 cm in diameter. The 
growth rate of the spherulite and the molecular tilt angle 
depend strongly on temperature and humidity, whereas 
the crystal structure of J-aggregates is insensitive to the 
above parameters. 13 The aggregation at temperatures 
below 90 °C yields rainbow-like rings within one spheru- 
lite, due to a periodic rotation of dye molecules during 
growth. At temperatures above 90 °C, two optically 
uniform films with distinct colors were produced which 
are the focus of this paper. The growth process was 
performed in an oven with the temperature controlled at 
either 110 °C and an absolute humidity of 11.5 g/m 3 , or 
at 135 °C and approximately humidity of 100 g/m 3 . No 
decomposition of dye was observed at these temperatures. 

An orthorhombic coordinate system was used to label 
directions and planes within a spherulite. The radial and 
growth direction, R, in the plane of the film surface, 
originates from the center of the spherulite toward its 
boundary. The tangential direction, T, is perpendicular 
to R and also lies in the plane of the film. The third axis 
is the film face normal, N f which is perpendicular to both 
R and T. Under linearly polarized white light, one 
spherulitic region was red when light was polarized in 
* the tangential direction and colorless when light was 
polarized in the radial direction (region RC). The other 
type of spherulites was blue for polarization along the 
tangential direction and colorless for polarization along 
the radial direction (region BC). The dichroic absorption 
spectra of the aggregated films were measured by polarized 
UV/vis microspectroscopy and compared with the absorp- 
tion spectra of the components m+ and m~ of the 
BDH+ClOr single crystals. 13 The tangential transition 
in region RC with an absorption peak at 574 nm matches 
that of Davydov difference m~ in the single crystal, and 
the tangential transition at 628 nm in region BC matches 
that of Davydov sum m+. The similarity in absorption 
spectra between dye thin films and single crystals suggests 
that the molecular orientation in region RC resembles 
the (20 1) face of the single crystal which contains m~, and 
the molecular orientation in region BC resembles the (010) 
face which contains m+. No light was absorbed in the 
radial direction in either regions; therefore this direction 
must be perpendicular to both Davydov components. 
However, it cannot be concluded based only on optical 
data that the structure in thin films is exactly that of the 
single crystal. 

The amorphous BDH + C1C>4~ film and regions BC and 
RC were investigated by tapping mode AFM (Digital 
Instruments). The amorphous film appeared to be 
molecularly smooth and continuous over the whole 
substrate surface. AFM measured a surface roughness 
of 1.2 ± 0.8 nm only. Scan damages were observed at 
high tip forces and prolonged scanning, indicating a soft 
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Figure 2. Tapping mode AFM height images of BDH + C10 4 " 
dye thin films: (a) region RC and (b) region BC with a scan size 
of 45 x 45 ftm 2 . The radial growth direction is indicated by R. 

and viscous film, consistent with the amorphous nature 
of the initial spin-coated film. After the self-organization 
process, two distinctive spherulites were imaged by AFM, 
corresponding to optical regions RC and BC. Centrally 
radiating threadlike features were observed in both 
regions. No scan damages were observed after J-aggregate 
formation indicating a solid-like robust film. Figure 2a 
depicts the surface of region RC, where the threads are 
much more diffuse and less defined in shape than those 
in region BC shown in Figure 2b. Region RC has a surface 
roughness of 4.3 ± 1.2 nm, significantly less than the film 
thickness of 80 nm. Contrary to region RC, the edges of 
radiating threads and individual grains within a thread 
in region BC were clearly defined. Region BC exhibited 
a higher surface roughness of 18.0 ± 1 .0 nm. The thickness 
of a thread oscillates along the radial direction, and results 
in a characteristic surface pattern of a long range order. 
Furthermore, in contrast to the straight threads in region 
RC, the threads in region BC have a strong tendency to 
bend, more pronounced for layers prepared at higher 
humidity and/or temperature. Domains of left-handed 
only branches and right-handed only branches have also 
been observed. 
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Figure 3. Space-filling model of the BDH + C10 4 "_ crystal 
structure viewed along (a) [201], (b) [010], and (c) [010]. R is 
the radial growth direction of the spherulite, Tis the tangential 
direction, A\ and Az are the two aggregate directions in a 
distorted herringbone structure, m+ and m~ are the Davydov 
sum and difference components. These figures are a computer 
simulation based on the data from single crystal, rather than 
experimental data obtained for the film. 

In both types of films, no macroscopic crystalline faces 
were exposed. This observation agrees with the fact that 
neither the (010) nor the (201) face is a low-energy crystal 
face, and both are absent in single crystals. The lack of 
large crystalline faces at the film surface has so far 
prevented the molecular resolution by AFM, and direct 
probing of the BDH + orientation within the layer. How- 
ever, the known molecular structure of BDH + C104~ 
crystals offers clues to the difference in surface morphology 
between the two color regions. Figure 3 depicts space- 
filling molecular models viewed along different directions 
using the CAChe program based on X-ray diffraction data 
of the single crystal. The single crystal structure is used 
to describe the molecular packing in thin films based on 
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the matching of optical absorption spectra between single 
crystal and thin film. Figure 3a displays the topview of 
the (201) face, corresponding to region RC. /7?_ is parallel 
to the tangential direction T. The projections of the two 
dye aggregate directions, A\ and Az, onto the (201) plane, 
are symmetrical with respect to the growth direction R. 
Symmetrical growth along the radial direction was 
expected in region RC which was indicated by straight 
threads and smaller surface roughness. 

Region BC, dominated by the (010) and (010) faces, has 
the same crystal structure and growth direction as region 
RC, except that its crystal lattice is rotated by 90° around 
R. This leads to a lack of mirror symmetry with respect 
to the growth direction as shown in the topview of the 
(010) face (Figure 3b) and (OlO) face (Figure 3c). At the 
(010) face, both Ai and A 2 , project onto the right side of 
the radial direction, whereas at the (010) face, both 
aggregate directions project toward the left side of R. We 
believe that the difference in aggregate directions resulted 
in the right- and left-handed branches competing and 
coexisting with each other in region BC. In order to expose 
the (010) face, molecules in the amorphous phase attach 
to the right hand side of the growth direction yielding a 
bent growth to the right of the radial direction. When the 
amorphous layer is more mobile and liquid-like at higher 
temperature or humidity, bent branches are allowed to 
grow longer than when the layer is more viscous and solid- 
like. In the solid-like amorphous layer, straight threads 
are more likely due to the more frequent formation of 
parasitic nuclei or crystal twins at the interface between 
crystalline and amorphous phases. The higher surface 
roughness in region BC may be a result of the competition 
between (010) and (010) faces. Another possible cause for 
increased surface roughness is a higher degree of molecular 
translation and rotation in the phase transformation 
process of forming (0 1 0) and (010) planes. The reason for 
the deviation of the growth direction from the aggregate 
direction is not clear. The main growth direction was 
expected to be parallel to the bisector between the 
aggregate directions A\ and A 2 . The growth direction 
observed was always perpendicular to the polymethine 
chain. BDH + molecules probably prefer to attach them- 
selves in the configuration which is parallel to the phase 
boundary. 

Conclusions 

AFM and optical study of the thin polymethine dye films 
has shown that aggregation of dye molecules from an 
undercooled melt produces two optically uniform regions: 
region BC and region RC. This is a remarkable phe- 
nomenon since the physical size of J-aggregates within 
the two regions is limited to submicron range. Each color 
pattern displays a characteristic surface texture which 
must be related to the slight difference in growth conditions 
(temperature gradient, humidity, defect type) and varia- 
tion in molecular orientations. The straight growth in 
region RC and the bent growth in region BC seem to reflect 
the different symmetry between the radial growth direc- 
tion and the two molecular stacking directions. The spin- 
coated films generally exhibit a higher order as shown by 
the optical micorgraphs and a smoother surface as shown 
by AFM images than those produced by evaporation or 
epitaxy. The TLA method provides a potential means for 
the color tuning of dye films by intermolecular interactions 
and for the further study of the structure and directional 
dependence of collective properties of dye aggregates. For 
a deeper understanding of the J-aggregation process, it 
is necessary to further investigate the internal structure 
of J-aggregates. 
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